Abstract-This work presents an autoregressive (AR) model for fading envelope influenced by isotropic and non-isotropic scattering environments. It is shown that at least a second order AR process is required to model the damped sinusoidal auto/cross correlation function inherent in the complex received envelope. The comparison of statistics of the simulation trace obtained using the model shows good agreemeqt with the theoretical values. The model based simulation procedure is compared to the Jake's simulator for isotropic scattering case and is shown to exhibit an order of magnitude smaller time complexity. ' I. INTRODUCTION An isotropic scattering channel is characterized by scattered components arriving from all directions with equal likelihood. The scattering is otherwise non-isotropic. Urban microcells exhibit non-isotropic scattering, whereas, the macrocells present in sub-urban areas exhibit isotropic scattering [l]. The scattering behavior of the fading channel influences the correlation characteristics of the complex received envelope. Accurate characterization of the correlation behavior of the fading channels is important for estimation of channel parameters such as velocity [2], Rice-factor [3] and user and channel detection in multiple-input-multiple-output environments [4] [5]. Though the statistical properties of non-isotropic scattering have been studied and verified using measurements [6] , the simulation models for non-isotropic channels have not been explored so far. To simulate Rayleigh and Ricean fading envelopes, the methods such as summation of sinusoids [7] , filtering of Gaussian noise [8] , Monte carlo simulation [9] and time series models [lo] [ 111 can be used. The accuracy of these methods is influenced by the simulation parameters chosen. For example, the number of sinusoids [12] [13] for summation of sinusoids method, the order of filter in the Gaussian noise filtering method [l], the number of channel echos used in Monte-carlo based simulations [9] and model order for time-series models [ 111. Second and higher order time series models have successfully been used in prediction [lo] and simulation [ll] of Rayleigh fading channels. In this work, the application of time-series models for nonisotropic fading channels is investigated. It is shown that at least a second order model is required to capture the pseudosinusoidal autocorrelation function inherent in the fading channels. The model based simulation procedure exhibits linear time complexity and is an order of magnitude smaller than the sum of sinusoids method. This gain is important when high data-rate channels are required to be simulated. Section I1 describes the channel features. The correlation functions for fading channels with isotropic and non-isotropic scattering environments are derived. Autoregressive models are introduced in section 111 and the basis for the selection of
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Section I1 describes the channel features. The correlation functions for fading channels with isotropic and non-isotropic scattering environments are derived. Autoregressive models are introduced in section 111 and the basis for the selection of AR model order and model parameters is discussed. Section IV discusses the model performance and section V concludes the paper.
CHANNEL FEATURES
Consider a lowpass signal s ( t ) = a(t)ejv(t) with envelope a(t) and phase cp(t). When the band-pass signal sb(t) = s(t)ej2"fct modulated using a carrier with frequency fc and wavelength A, is transmitted through a wireless channel, the signal takes multiple paths indexed by n, before arriving at the receiver. The received band-pass signal can be written as the summation of the multiply reflected components as where Tn(t) is the delay and a,(t) is the amplitude of the nth reflection. The phase of the received signal given by dn(t) = Lfc + Dn(t)l7n(t) -tDn(t) (2) is distorted by the Doppler frequency shift Dn(t) when the nth path arrives with an angle of incidence en at the mobile receiver moving at a velocity v(t). The Doppler shift is given by = fm cos 0, ( t ) (3) where fm = v(t)/A,. The distribution of the angle of incidence 0 is influenced by the scattering behavior of the propagation environment. For macrocellular environment, scattered signal can be assumed isotropic [ 11 resulting in the following distribution for the angle of arrival of the scattered components In micro-cells in the urban areas, the path between the base-station and mobile is obstructed by buildings restricting the angle of arrivals between [-A : A]. The non-isotropic scattering in such environments can be characterized by several distribution functions such as von Mises distribution [3] [6], PDF of quadratic form [15] and the distribution of the following form [2] that is used in this work. To obtain the autolcross correlation functions, the received signal can be expressed in terms of its inphase and quadrature components. Assuming flat fading and the amplitude, phase variations to be wide-sense stationary (WSS), the received complex low-pass signal can be expressed in terms of the received envelope z ( t ) as r ( t ) = E a , s(t -Tn)e32=+n(t) = z(t)eJ'P(t) ( 
7)
n where the envelope ~( t ) = dz2(t) +yZ(t) and the inphase and quadrature components are given by
The autocorrelation function (ACF) pZz (7
can be obtained from Eq.(8) as Assuming the phase and the amplitude variations to be mutually independent, Eq.( 10) can be solved by separating the expectation E[a,a,] from the rest of the terms. When m # n and the phase &(t) follows either uniform PDF or a PDF that is an even function,
When m = n, the expectation that is a of product of two cosines, can be split into the sum of two cosines with 0) given by Eq. (4) 
IV. MODEL PERFORMANCE
The comparative behavior of the ACF of the AR models given by Eq. (22) Fig. 7 shows the real time required to generate IO6 samples using AR and SS methods. For SS methods, the number of oscillators N = 2,7 are considered. The real time in seconds is obtained using the UNIX csh command lusrlbinftime on i686 machine V. CONC~USIONS Autoregressive model was extended to non-isotropic fading channel in this work. It was shown that at least a second order model is required to capture the cyclic trends in the autocorrelation function inherent in the inphasekpadrature components. The model construction by separately modeling the inphase and the quadrature components enabled modeling of the cross-correlations. Model parameters were obtained through non-linear optimization of the squared error between the theoretical ACF and that generated by the AR-2 model. The simulation procedure based on the AR models was shown to exhibit smaller time complexity than the sum of sinusoids simulator. The statistical behavior of the traces generated using the models was verified against the theoretical values and was found satisfactory, especially for large values of Rice-factor K.
